Because lymphoma comprises numerous histologic subtypes, understanding the reasons for ongoing increases in its incidence requires surveillance and etiologic study of these subtypes. However, this research has been hindered by many coexisting classification schemes. The Revised European American classification of Lymphoid Neoplasms (REAL)/ WHO system developed in 1994 and now used in clinical settings was not incorporated into the International Classification of Diseases-Oncology (ICD-O), used by cancer registries, until the release of the third edition (ICD-O-3) in 2001. Studies including patients diagnosed before 2001 may have codes from earlier ICD-O versions that must be converted to ICD-O-3 and have higher proportions of unclassified (e.g., lymphoma and not otherwise specified) cases. To better understand (a) the agreement of computer-converted ICD-O-3 codes to ICD-O-3 codes generated directly from diagnostic pathology reports and (b) the reproducibility of unclassified status, we reviewed a population-based series of diagnostic pathology reports for lymphoma patients diagnosed before (1988)(1989)(1990)(1991)(1992)(1993)(1994); n = 1,493) and after (1998-2000; n = 1,527) the REAL/ WHO scheme was introduced. Overall, computer-and coderassigned ICD-O-3 codes agreed for 77% of patients in both groups and improved slightly (82%) when codes were grouped. The most common lymphoma subtypes, diffuse large B cell and follicular, had relatively good reliability (84-89%) throughout the study period. T-cell and natural killer cell lymphomas had worse agreement than B-cell lymphomas, even when grouped. Many (42-43%) lymphomas reported as unclassifiable could be assigned a subtype upon pathology report review. These findings suggest that the study of lymphoma subtypes could be improved by (a) use of more standardized terminology in pathology reports, (b) grouping individual ICD-O-3 codes to reduce misclassification bias, and (c) routine secondary editing of unclassified lymphomas by central cancer registries. (Cancer Epidemiol Biomarkers Prev 2006;15(4):630-8) 
Introduction
Lymphomas represent a large group of distinct B-and T-cell neoplasms arising from the lymphoid tissue. Overall lymphoma incidence has increased substantially in prior decades, with a 63% increase reported between 1973 and 2002 (1) . Given the heterogeneity of lymphoma, understanding the reasons for this troubling increase will require the characterization and detailed etiologic study of distinct subtypes, a goal that has been hindered by the coexistence over the past three decades of multiple schemes for lymphoma classification. Although clinic-based studies used schemes like the Kiel, Lukes-Collins, Working Formulation, and the Revised European American classification of Lymphoid Neoplasms (REAL; ref. The WHO classification represents an international consensus scheme (6) and is substantially more reliable and reproducible than prior schemes (7) . Thus, the use of WHO and ICD-O-3 will simplify future monitoring and epidemiologic study of lymphoma subtypes. However, studies using historical data, such as assessments of time trends in cancer registry data, remain complicated by two issues. First, it is uncertain how well computer-generated ICD-O-3 codes agree with those directly assigned based on the original diagnostic pathology report. Of particular interest are diagnoses between 1995 and 2000 originally described by pathologists using WHO designations but coded by cancer registries to ICD-O-2. Second, cancer registry cases that are not subtyped [i.e., classified only as lymphoma and not otherwise specified (NOS)] complicate interpretation of distributions and trends of cases that are subtyped. NOS status (ICD-O-3 histology codes 9590-9591) was reported for 19% of all lymphomas reported to the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program between 1973 and 2002 (1) . To inform the implications of these issues for future research, we obtained and reviewed a population-based series of original diagnostic pathology reports for a selection of lymphoma patients diagnosed between the years 1988 and 2000, before and after the clinical dissemination of the REAL/ WHO scheme, to (a) compare the agreement of computerassigned ICD-O-3 to that assigned from the original diagnostic text and (b) determine the reproducibility of and reasons for assigning NOS status.
Materials and Methods
Included in this study were two distinct population-based groups of lymphoma patients reported to the Greater Bay Area Cancer Registry, a participant in the (SEER) program. The first group, hereafter referred to as the ''1988 to 1994 study group,'' included non-Hodgkin lymphoma (NHL) patients who participated in a population-based case-control study described in detail elsewhere (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . Patients initially eligible for the NHL study were ages 21 to 74 years and living in one of six San Francisco Bay Area counties (Alameda, Contra Costa, Marin, Santa Clara, San Francisco, or San Mateo) when newly diagnosed with NHL (ICD-O-2 morphology codes 9590-9595 and 9670-9711) from 1988 to 1994 and were identified through rapid case ascertainment procedures by the Greater Bay Area Cancer Registry. Pathology reports were collected as part of initial case ascertainment, but they were not obtained for 1,047 patients who at the time of interview were deceased or declined to participate (21) . As detailed elsewhere (14) , nonparticipating patients were more likely than participating patients to have more rapidly fatal lymphoma types. Of the participating patients, 61 had missing or incomplete (e.g., pages missing) pathology reports and were excluded from this analysis. Thus, the 1988 to 1994 study group included 1,493 lymphoma patients.
Patients eligible for the second group, hereafter called the  ''1998 to 2000 study group,'' included 3,673 persons of all ages  living in the six aforementioned counties when diagnosed with  lymphoma (ICD-O-2 histology codes 9590-9719) during the  years 1998 to 2000. We sampled patients on the basis of ICD-O-2 histology code, including 100% samples of those with  codes (9590, 9591, 9593, 9595, 9650, 9653-9655, 9657-9659, 9671-9675, 9677, 9680-9686, 9688, 9690, (9652, 9663-9667, 9670, 9691, 9693, 9695-98, 9700-9701, 9702-9704, 9606 , 9607, and 9714) that represented nearly identical entities to those described in ICD-O-3, and thereby for whom conversion was code to code or otherwise considered straightforward. Sampling yielded a total of 2,834 patients. From this group, we excluded 196 patients for whom registry data suggested that the pathology report was unavailable (i.e., due to case ascertainment from death certificate/autopsy or lack of histologic confirmation) and requested the remaining 2,638 diagnostic pathology reports. We were able to retrieve successfully 1,693 (64%) reports. Of these, 166 were deemed during review to be incomplete or otherwise inadequate, resulting in a final 1998 to 2000 study group of 1,527 lymphoma patients for whom pathology reports were successfully reviewed. These patients differed somewhat from those for whom pathology reports could not be obtained or successfully reviewed. In particular, included patients were significantly (P < 0.05) more likely to have been diagnosed in 2000 (37% versus 31%), to be residents of Contra Costa (22% versus 10%) or San Francisco counties (21% versus 16%), to have a diffuse large B-cell lymphoma (DLBCL; 49% versus 42%), and to have evidence of AIDS (10% versus 8%), but were comparable with respect to age, sex, vital status, cause of death, and diagnosis at a teaching hospital. (21) . Reviewers trained by Greater Bay Area Cancer Registry -certified tumor registrars abstracted diagnostic pathology reports for information regarding type of biopsy done (surgical, core needle, fine-needle aspiration, bone marrow, peripheral blood/other), type of diagnostic specimen (fresh/frozen tissue, preserved tissue, cells from fine-needle aspiration, or tissue from fine-needle aspiration), mention of malignant cell type [B, T, natural killer (NK), other], mention of diagnostic studies done [immunohistochemistry, flow cytometry, PCR-based methods, cytogenetic studies (e.g., fluorescent in situ hybridization assays for EBV)], and whether or not the diagnosis was a referral from another physician. Finally, ICD-O-3 histology code was assigned directly from the original diagnostic text using standard ICD-O-3 documentation and guidelines and without knowledge of the original ICD-O-2 code.
ICD-O-
For cases that were coded as NOS (ICD-O-3 histology codes 9590-9591), reviewers were asked to classify the reason why a more specific code could not be assigned (i.e., diagnostic studies not done due to poor tissue quality/sufficiency, studies not done for other reasons, studies done but not interpretable, or disease considered truly unclassifiable). Quality control measures included consultation with certified tumor registrars or a consulting pathologist when needed and reabstraction and recoding of initial reviews for 2% of patients selected randomly. Statistical Analysis. Cross-tabulations were used for all comparisons. Agreement was quantified using the percentage of all registry diagnoses confirmed by the coder to measure the positive predictive value (22) . Kappa statistics could not be used because the two rating schemes (registry and coder) did not have identical categories due to uncommon ICD-O-3 codes assigned by one but not both of the raters. m 2 tests were used to describe univariate differences and compare them statistically. Logistic regression was used to examine associations with multiple variables. All calculations were done using SAS version 9. For some analyses, we grouped ICD-O-3 morphology codes together into broader categories, including Burkitt lymphoma 
Results
We reviewed 1,493 and 1,527 pathology reports from the 1988 to 1994 and 1998 to 2000 study groups, respectively. Table 1 describes demographic and other characteristics of patients comprising each study group. Patients in the 1998 to 2000 group were more likely than patients in the 1988 to 1994 group to be older, female, and non-White but were less likely to be deceased or to have evidence of AIDS, reflecting in some part the different selection criteria for the two groups. With respect to diagnostic characteristics, the 1988 to 1994 group was mostly diagnosed with a surgical biopsy (88%), with nearly half (45%) having some kind of immunohistochemical assay, but low proportions having flow cytometry (2%), assays for EBV (2%), cytogenetic studies (>1%), or molecular diagnostics (>1%). For the 1998 to 2000 group, a lower proportion (68%) was diagnosed with a surgical biopsy but had higher proportions having had immunohistochemical tests (77%), flow cytometry (13%), assays for EBV (3%), cytogenetic studies (1%), or molecular diagnostics (1%).
Subtype Agreement. Overall, computer-and coderassigned ICD-O-3 histologic subtype agreed for 1,145 (77%) of the 1988 to 1994 NHL study group and for 1,177 (77%) of the 1998 to 2000 group. For the 1988 to 1994 study group, Table 2 shows that agreement of computer-and coder-assigned subtype ranged from 0% to 100% for individual codes. Agreement was highest for mycosis fungoides (code 9700, 89%); follicular lymphoma, grade 1 (code 9695, 88%), DLBCL, NOS (code 9680, 88%); and Burkitt lymphoma (code 9687, 85%), and both cases originally coded as marginal zone B-cell lymphoma (code 9699) were also recoded as such (agreement of 100%). Most codes had agreement exceeding 70%. For immunoblastic DLBCL (code 9684), agreement was 81%, but 11% of cases were assigned by the coder to NOS. For mantle cell lymphoma (code 9673), agreement was mediocre (52%) with 10% of cases assigned to NOS. Subtype categories with very poor agreement (below 10%), including follicular lymphoma, NOS (code 9690, 4%) and cutaneous T-cell lymphoma, NOS (code 9709, 0%, based on one case only), were NOS categories within specific subtype categories for which most cases could be assigned to a more detailed subtype within the category. For the 1998 to 2000 group, which included both NHL and Hodgkin's lymphomas, Table 3 shows assigned by the coder to NOS); cutaneous T-cell lymphoma, NOS (code 9709, 26%; with 21% assigned by the coder to NOS); and the nasal NK/T-cell lymphoma (code 9719) subtype for which 0 of 2 cases (0 %) were recoded as the same entity.
To gauge how agreement for specific subtypes changed over time, we compared the agreement within specific subtypes between the two study groups. For DLBCL (code 9680), the most common subtype, agreement was consistently high (88% versus 87%) in both groups. Follicular lymphoma, NOS (code 9690) showed a substantial improvement in agreement over time (4% in 1988-1994 versus 64% in 1998-2000) . Although based on low numbers of observations, improvements were also seen for lymphoplasmacytic lymphoma (code 9671, 63-82%); mantle cell lymphoma (code 9673, 52-81%); mature T-cell lymphoma, NOS (code 9702, 27-80%); and cutaneous T-cell lymphoma, NOS (code 9709, 0-26%). Agreement decreased substantially over time for precursor cell lymphoblastic lymphoma, NOS (code 9727, 64-21%), mixed small and large cell diffuse lymphoma (code 9675, 62-40%), and follicular lymphoma grade 2 (code 9691, 82-65%).
Agreement generally improved when codes were grouped together into a pathologist-approved grouping scheme. Tables  4 and 5 show that overall, computer-and coder-assigned subtypes agreed for 1,219 of the 1,493 patients (82%) comprising the 1988 to 1994 study group and for 1,250 of the 1,527 (82%) patients in the 1998 to 2000 group. Agreement was similar between study groups for DLBCL (at 90% and 88%) and for follicular lymphoma (at 89% and 84%). Agreement seemed to improve substantially across time periods for the mantle cell lymphoma grouping, which increased from 52% to 81%, and for the peripheral T-cell lymphoma grouping, which increased from 36% to 81%.
Completeness of malignant cell type information (e.g., B or T cell) on pathology reports seemed to improve over time. For cases diagnosed during 1988 to 1994, cell type was not specified on the pathology report for 68% of cases, whereas 26% specified B cell, 4% T cell, and 2% both T and B cell. For cases diagnosed during 1998 to 2000, only 36% of pathology reports did not specify cell type, whereas 54% specified B cell, 7% T cell, 3% both T and B cell, <1% NK cell, and <1% T/NK cell.
Lymphoma, NOS.
Originally recorded by the cancer registry as lymphoma, NOS (ICD-O-3 codes 9590-9595) were 16% of the 1988 to 1994 study group and 14% of the 1998 to 2000 study group. After coder review, 14% and 13% of these groups, respectively, were so classified, including 57% of the 1988 to 1994 cases and 58% of the 1998 to 2000 cases that were originally classified as NOS. Compared with patients assigned a specific subtype, patients originally unclassified in the cancer registry were significantly (P < 0.01) more likely to have evidence of AIDS, to be deceased, male, older, and to have lived in San Francisco county. In a multivariate regression including these factors, those that were significantly and independently associated with unclassified status included evidence of AIDS (odds ratio, 2.8; 95% confidence interval, 2.0-3.9), residence in San Francisco county (odds ratio, 1.5; 95% confidence interval, 1.1-2.1), and age at diagnosis (odds ratio per year of age above 40, 1.01; 95% confidence interval, 1.00-1.02). Table 6 shows the distributions of detailed subtype assigned on re-review for 99 patients in the 1988 to 1994 study group and 80 patients in the 1998 to 2000 group that were originally unclassified. These distributions differed from those in the larger lymphoma patient population, with lower proportions of DLBCL. When compared with patients assigned a more detailed subtype upon review, the patients who remained unclassified after review (133 patients from the 1988-1994 group and 126 patients from the 1998-2000 group) did not differ by age, sex, race, diagnosis year, vital status, cause of death, and diagnosis at a teaching hospital but were significantly (P < 0.05) more likely to have evidence of AIDS (33% versus 22%) and be residents of San Francisco county (41% versus 28%). However, in multivariate regression, evidence of AIDS was the only independent predictor of remaining unclassified (odds ratio, 2.0; 95% confidence interval, 1.3-2.6). Sixty-six patients in the 1988 to 1994 study group (4% of total) and 74 patients in the 1998 to 2000 group (5% of total) were originally assigned a specific subtype but were assigned NOS status by the coder. These patients did not differ significantly with respect to demographic or hospital characteristics from patients assigned a specific code by both (4) 27 (100) 1 (1) 3 (4) 1 (1) 1 (1) 1 (1) 84 (100) 2 (0) 4 (1) 3 (1) 8 (2) 464 (100) 1 (1) 1 (1) 2 (1) 139 (100) 26 (100) 8 (33) 4 (17) 1 (4) 24 (100) 4 (3) 6 (5) 115 (100) 110 (88) 125 (100) 60 (78) 77 (100) 2 (100) 2 (100) 39 (89) 2 (5) 1 (2) 44 (100) 1 (100) 1 (100) 3 (27) 1 (9) 1 (9) 11 (100) 1 (100) 0 (0) 1 (100) 9 (64) 3 (21) (7) 9671 1 (5) 18 (82) 1 (5) 9673 1 (2) 1 (2) 35 (81) 1 (2) 1 (2) 9675 9 (21) 1 (2) 1 (2) 17 (40) 5 (12) 9680 35 (5) 1 (0) 1 (0) 1 (0) 1 (0) 1 (0) 590 (87) 3 (0) 1 (0) 9684 1 (3) 3 (9) 28 (88) 9687 3 (11) 2 (7) 23 (82) 9690 2 (7) 1 (4) 1 (4) 9691 1 (6) 2 (12) 9695 2 (20) 9698 1 (4) 2 (8) 9699 11 (9) 1 (1) 1 (1) 1 (1) 3 (2) 4 (3) 9700 1 (6) 9702 1 (5) 9705 9708 1 (50) 9709 4 (21) 1 (5) 2 (11) 1 (5) the registry and the coder but were more likely to have cancer registry subtype codes with mediocre or poor agreement, as described above.
Discussion
Our findings suggest that computer-converted ICD-O-3 codes for lymphoma subtypes are generally reliable at the single code level, and that agreement is improved when codes are grouped. The two most common types of lymphoma, DLBCL and follicular lymphoma, had relatively good agreement (84-89%) across the entire time period. T and NK cell lymphomas had generally worse agreement than B-cell lymphomas, even after they were grouped together. Variations in single code agreement may result from deviations in terminology used by pathologists to describe the same entity. Despite the detailed guidance provided in the ICD-O-3 coding materials, ambiguous terminology on pathology reports can result in nonuniform interpretation and coding of lymphoma subtypes by cancer registrars, as suggested previously (23) . Even a pathologist reviewing pathology reports to assign WHO codes to cases in an epidemiologic study could assign a classification with ''high confidence'' to only 58% of cases (24) . Thus, improving reliability of lymphoma subtype classification will depend mostly on pathologists using more standardized terminology and including more detail about immunohistochemical reports when diagnosing or classifying lymphoma Table 3 . (1) 216 (100) 39 (100) 1 (100) 35 (100) 3 (100) 1 (11) 9 (100) 22 (100) 1 (100) 3 (100) 1 (3) 1 (3) 1 (3) 30 (100) 1 (5) 1 (5) 22 (100) 2 (5) 1 (2) 1 (2) 43 (100) 1 (2) 5 (12) 1 (2) 1 (2) 1 (2) 42 (100) 1 (0) 1 (0) 6 (1) 2 (0) 2 (0) 2 (0) 27 (4) 2 (0) 1 (0) 678 (100) 32 (100) 28 (100) 18 (64) 3 (11) 3 (11) 28 (100) 11 (65) 1 (6) 1 (6) 1 (6) 17 (100) 8 (80) 10 (100) 3 (12) 20 (77) 26 (100) 1 (1) 1 (1) 101 (80) 1 (1) 1 (1) 26 (100) 15 (88) 1 (6) 17 (100) 16 (80) 3 (15) 20 (100) 9 (100) 9 (100) 1 (50) 2 (100) 1 (5) 2 (11) 1 (5) 5 (26) 1 (5) 19 (100) 25 (78) 1 (3) 32 (100) 1 (50) 0 (0) 2 (100) 3 (21) 11 (79) 14 (100) (1) 1 (0) 14 (2) 36 (6) 603 (100) 2 (100) 4 (1) 1 (0) 17 (5) 341 (100) 2 (25) 8 (100) 5 (19) 1 (4) 5 (19) 27 (100) 77 (79) 1 (1) 5 (5) 98 (100) 40 (89) 1 (2) 2 (4) 2 (4) 45 (100) 4 (36) 1 (9) 4 (36) 11 (100) 1 (100) 0 (0) 1 (100) 12 (86) 2 (14) 14 (100) 14 (4) 1 (0) subtypes. Short of this, grouping lymphoma subtypes together into meaningful groups for surveillance or analysis will reduce potential bias due to subtype misclassification. Our findings also suggest that a substantial proportion (42-43%) of lymphomas initially reported to the cancer registry as NOS or unclassifiable in fact could be classified as a more detailed subtype after re-review of the diagnostic pathology report. We also observed that a small proportion of cases originally reported as a specific code were assigned NOS by the coder, but that the total proportion of cases assigned as NOS was only slightly lower for the coder-reviewed versus registry-assigned groups. Of those cases that remained unclassifiable after coder review, pathology report mention of inadequate specimen quality was the most common reason why a more detailed subtype could not be assigned. Less than 10% of pathology reports did not yield a detailed subtype because the pathologist considered the specimen truly unclassifiable. This proportion is lower than our prior finding of 25% of lymphoma NOS cases considered as unclassifiable after microscopic re-review by an expert hematopathologist (21) . Cases originally classified as NOS varied with respect to age, geography, and particularly evidence of AIDS, and the distributions of subtypes for ''resolved'' NOS cases varied from the expected distribution. These variations, coupled with the high prevalence of NOS lymphomas, which represented about one in five of all NHLs reported to the Surveillance, Epidemiology, and End Results program, suggest that the misclassification of classifiable lymphomas as NOS may have biased prior Surveillance, Epidemiology, and End Results data-based assessments of NHL subtype-specific incidence and survival (25) (26) (27) (28) (29) . Therefore, the surveillance of lymphoma subtypes could be improved by routine secondary editing or review of histologic coding by cancer registry personnel for all lymphomas initially reported as NOS.
Between the 1988 to 1994 and 1998 to 2000 study groups, which were chosen to differ temporally in relation to the adoption of the REAL and WHO classification schemes, we observed only subtle differences in overall or subtype-specific agreement for the most part. Overall agreement of computerassigned and re-reviewed ICD-O-3 code was identical (77%) in both groups, as was the proportion of resolvable NOS cases (42-43%). For specific subtype groupings, agreement did seem to improve over time for the mantle cell, lymphoplasmacytic, and some of the T-cell lymphoma groups but was comparable for most other subtype groupings. In addition, completeness of the malignant cell type variable improved from 32% to 64% between the two study time periods.
Several factors may affect the generalizability of our findings. First, lymphoma subtype distributions in the San Francisco Bay Area generally differ from those in other regions during the study years, particularly with respect to HIV-associated lymphomas. The higher incidence of these lymphomas may influence local classification practices (e.g., classification of central nervous system lymphomas as NOS). However, reasons for NOS classification did not vary significantly between patients with and without AIDS, although a slightly higher percentage of AIDS lymphoma patients (21% versus 15%) were classified as NOS because ''assay information was not available'' from the pathology report, suggesting differences in diagnostic procedures for HIV and non -HIV-associated lymphomas. Second, we delineated our case series according to ICD-O-2 -defined codes for lymphomas and thereby did not include cases originally coded as leukemias or other lymphoid neoplasms in our case series. Thus, our data cannot speak well to the reliability of codes for lymphoma entities with leukemic presentations (e.g., 9820). Third, for the 1998 to 2000 study group, we were unable to obtain a substantial proportion of pathology reports requested from hospitals. As much of this nonparticipation occurred at the hospital rather than patient level, our final study group might be of biased representation with respect to pathologist diagnostic or cancer registrar coding practices that differ among hospitals irrespective of their teaching status. This effect is probably minor, as histologic subtype distributions were generally comparable between the participating and nonparticipating groups, with only a slightly greater proportion of large B-cell lymphomas (ICD-O-3 code 9680) in the participating group. The dissemination of the consensus REAL/WHO classification system marked a hopeful moment in our quest to learn more about the etiologies of specific lymphoma subtypes, especially subtypes shown to be increasing in incidence. However, as tracking of lymphoma subtype trends over time remains an important activity, more research should be done to understand and implement reliable means of consistent subtype classification over time in cancer registry and other data. Ensuring that uniform means of subtype classification and grouping are being used in all future surveillance and etiologic studies of lymphoid neoplasms is an explicit goal of InterLymph, the International Lymphoma Epidemiology Consortium (30) . Although the REAL/WHO represents the most reliable classification system devised thus far, ongoing improvements in molecular characterization of lymphoid neoplasms will surely lead to even better classification schemes that may further enlighten the etiologies of these cancers.
